Supporting Information
1. General information All chemicals were purchased from commercial vendors and used without further purification. All reactions were carried out under aerobic conditions unless otherwise stated. Powder X-ray diffraction (PXRD) data were collected on a Bruker D8 Advance using Cu Kα radiation (λ = 1.5418 Å, 50 kW/40mA). Simulated PXRD patterns were generated from the single-crystal data using Mercury 3.7. The nitrogen (N2) adsorption-desorption isotherms were collected using a BELSORP mini (BEL Japan, Inc.) at 77 K. Prior to data collection, the samples were activated at 120 o C for 12 hours. The BET surface areas were estimated from the amount of N2 adsorption at 77 K using the BET (Brunauer-Emmett-Teller) equilibrium equation. UV/vis absorbance for was obtained with a Lamda 950S PerkinElmer UV/vis Spectrometer. Scanning electron microscopy (SEM) images were obtained from a FEI Teneo instrument equipped with an energy dispersive X-ray (EDX) detector (XFlash Silicon drift detector). Photoluminescence (PL) spectra (excitation at 420 nm) were measured with a Fluorescence Spectrometer LS 55 (PerkinElmer). The time-resolved PL was carried out using an Edinburgh transient absorption spectrometer (LP980), with the excitation wavelength of 420 nm. Raman spectra were collected from a Raman inVia Renishaw instrument with a laser wavelength of 532 nm and a power of 65 mW. Cyclic voltammetry measurements were recorded in a closed cell under an N2 atmosphere using a BioLogic electrochemical analyzer. The X-ray photoelectron spectroscopy (XPS) measurements were performed using a Mg Kα X-ray source (1253.6 eV) and Phoibos 100 (SPECS) hemispherical electron analyzer with a multichanneltron detector. The XPS spectra were recorded in fixed analyzer transmission (FAT) mode using pass energies of 90 eV for the survey and 20 eV for the narrow scans. All the spectra were calibrated using C 1s spectra at the binding energy of 284.5 eV. The spectra were deconvoluted with CasaXPS software.
Synthesis 2.1 Synthesis of MIL-125-NH2
MIL-125-NH2 was synthesized following a reported procedure.
1 0.286 g of NH2-H2BDC was dissolved in a mixture of 4.0 mL of dimethyl formamide (DMF) and 1.0 mL of methanol (MeOH). 0.286 ml of titanium isopropoxide was added; the resulting mixture was briefly sonicated for few minutes and then heated up to 120 °C for 72h. The crystalline product was obtained with ~75-80% yield, which was successively washed with DMF, MeOH, a solution mixture containing acetonitrile (MeCN) : triethylamine (TEA) : water (H2O) (79.0 : 16.1 : 4.9 v/v/v) and finally with acetone. The obtained powder was activated at 120 o C under vacuum for 12 hours before using for photocatalytic tests.
2.2 Synthesis of (NH4)2Mo3S13·2H2O (NH4)2Mo3S13·2H2O was synthesized based on a slight modification of a reported procedure. The toluene solution was decanted, and the remaining powder was successively washed with MeCN and carbon disulfide (CS2) to obtain a red-brown powder. Yield: ~ 400 mg.
Synthesis of 1T-MoS2
1T-MoS2 was synthesized based on a slight modification of a reported procedure.
3 0.62 g of (NH4)2Mo3S13·2H2O and 0.57 g of thiourea were dissolved in 17 mL of H2O, and the resulting solution was heated at 200 o C in a Teflon liner for 24 hours, and then slowly cooled down to room temperature. The obtained black powder was washed with EtOH and dried in air. Yield: ~ 300 mg.
3. Characterization 3.1 Powder X-ray Diffraction The samples subjected to PXRD measurements were finely ground and placed on a silicon holder. The scans were performed with 2θ between 2-70 o . To investigate the water stability, powder samples were submerged in deionized water for 24 hours, filtered, and dried in air before measuring their PXRD patterns. 
Photocatalytic Experiments 4.1 Photocatalytic Hydrogen Production
The photocatalytic experiments were performed in a 25.0 mL Pyrex glass reactor, at room temperature, under continuously visible light irradiation from a 300 W Xe lamp equipped with a UV cut-off filter (λ ≥ 420 nm) (Fig. S14) The number of photons per min was calculated using the formula:
where Φλ is the quantum yield for Fe 2+ production at the wavelength λ (Φ450 = 1.11), t is the irradiation time (min), and F is the mean fraction of the absorbed light (F = 1).
Results:
ΔA absorbance difference at 510 nm for two measurements: ΔA1= 0.870758, ΔA2= 0.892268 5. Density Functional Theory (DFT) Calculation DFT calculations were performed using the Quantum Espresso 5.4 package, 6 using the neb.x program for the nudged elastic band technique. We adopted the projector augmented wave (PAW) method [7] [8] , employing the dispersion corrected PBE-D2 general gradient approximation functional 9-10 with a kinetic energy cutoff of 60 Ry and 600 Ry for the charge density, and a smearing occupation of 0.02 Ry. Due to the large dimensions of the unit cell, only a gammapoint sampling of the Brillouin zone was considered. The periodic system, including the Mo3S13 2-cluster, has a negative net charge that is compensated by inserting a positive jellium background.
To investigate the possibility of the diffusion of Mo3S13 2-clusters inside MIL-125-NH2, the energy of the diffusion path was computed using density functional theory (DFT) with the nudged elastic band (NEB) technique. Starting from the inside of the big pore, to move in the z direction of the MOF, the cluster has to cross the window in the y direction to access the small pore, proceed through the window in the x direction to access the neighboring big pore and follow the same trajectory again. In the NEB approach the flexibility of both the framework and the cluster are taken into consideration. Due to the narrowness of the window connecting the two pores, however, the energy barrier related to this hoping is estimated from DFT to be larger than 200 kJ/mol (see energy profile in Figure S18 ), which corresponds to 80.7 kBT at ambient temperature. This value is well above 15 kBT, which is a conventional threshold to consider the access to a pore allowed in a typical experimental timescale. 11 Therefore, we can assume that because of its size, the Mo3S13 2- clusters are not allowed to diffuse deeply inside the MIL-125-NH2 framework.
S-16
Figure S18. Energy profile (kJ/mol) of the diffusion path as computed with DFT and nudged elastic band (NEB) technique. A first trajectory was obtained by the linear interpolation of the optimized systems with the Mo3S13 2-cluster in the big pore, in the first window, in the small window, in the second window and in the neighboring big pore. From this preliminary trajectory, the NEB algorithm was employed using 20 images to obtain the minimum energy path, reaching a convergence of the energy below 0.002 eV per atom. The adsorption in the small cage (image 11) is computed to be 36.1 kJ/mol less favorable than in the big pore (image 1 and 20). The crossing of the first window corresponds to a barrier of 226.1 kJ/mol and the second barrier to 247.1 kJ/mol. The differences in the two barriers is due to the different orientations of the phenyl rings of the ligands. The discontinuity in the energy observed between image 17 and 18 is caused by the breaking of the bond between one carboxylate oxygen and the Ti 4+ ion, as a result of pushing the system in a highly unfavorable configurational state.
